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1 EPOS 

Description 

This invention relates to distortion compensa- 
tion circuits. 
. RF linear amplifiers gtitize devices that exhibit non- 
^ linear characteristics at higher power levels whereby 

signal distortion is intnoduced If more than one signal is 
applied to an RF amplifier, its non>linear characteristicis 
cause an unwanted multiplicative interaction of the sig- 
nals being amplified and the amplifier output contains 
intemibdulation products. These tntermodulation prod- 
ucts cause interference and crosstalk over the amplifier 
frequency operating range which interference may ex- 
ceed established Uansmisslon standards. 

As is weD known, intermodulation distortion can be 
reduced by predistorting the signal to be amplified to 
cancel the amplifier generated distortion. Some predis-' 
tortion techniques such as described in U. S. Patent 
4.465.980 use non-linear elements to compensate for 
the distortion generated in the amplifier. The character- 
istics of the non-linear elements, however, generally dif- 
fer from those of the amplifier to be corrected so that 
compensatbn is only effective over a Iffnited range. Oth- 
er arrangements such as described in U. S. Patent 
4,291,277 or U. S. Patent 4,554,514 utilizes the base 
band converted modulation component of one input sig- 
nal to produce predistortk>n but is not effective tor sys- 
tems having a plurality of cpncurrent signals or over an 
extensive range of frequencies. 

U. S. Patent 3,755,754 describes a predistortion 
compensation arrangement for a microvvave amplifier in 
which a multif requency signal is applied to a power am- 
plifier through a variable phase shifter and through a dis- 
tortion producing amplifier having substantially similar 
distortion transfer characteristics. The output of the dis- 
tortion producing amplifier is combined with the undis- 
torted signal from the variable phase shifter to form a 
predistortion signal having distortion components oppo- 
site in phase to the distortion components of the power 
amplifier whereby compensation is obtained. In similar 
fashion, U. S. Patent 4,068,186 disck)ses a circuit for 
compensating for non-linear characteristics in high fre- 
quency amplifiers in which an input signal is divkJed into 
two parts. One part is applied to a first transmission line 
having a delay line and the other part is applied to a 
second transmission line having a distortion producing 
high frequency amplifier. The vector sum of the trans- 
mission line outputs provides a non-linear characteristic 
that compensates for amplitude and phase non-linear 
characteristics of a high frequency amplifier connected 
in cascade with the compensating circuit While the use 
ot a distortion generating amplifier with similar distortion 
characteristics to the amplifier to be corrected provides 
a significant irnprovement, the control ol the predistor- 
tion circuits is preset so that variations in circuit element 
characteristics due to changes in operating conditions 
may adversely affect distortion compensation. 

U.S. Patent 4.453.133 discloses an active predis- 
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torter for linearity compensation which also utilizes dis- 
tortkxi characteristics of an amplifier similar to the power 
amplifier to be corrected. An input signal is divkjed into 
a part that is applied to a signal path having a linear de- 

5 lay. a part that is applied to the distortbn producing am- 
plifier and a part that is combined with a portion of the 
output of the distortbn producing amplifier to generate 
a phase inverted predistortion signal. The phase invert- 
ed predistortk>n signal is combined with the linear delay 

10 path signal and applied to the input of the arriplifier to 
be corrected. Optionally, a portion of the power amplifier 
output signal is fedback to provide a closer match in the 
operating characteristics of the amplifier to be corrected 
and the distortkxi producing amplifier. This arrange- 

is ment. however, results in attenuation of the input signal 
through the predistortion circuit and does not provide 
' continuous control of the attenuatkxi and phase char- 
acteristics needed for distortion compensatbn. Accord- 
ing to the inventbn the operation of a predlstbrtbn type 

20 linearity compensator is improved by using ah incoming 
carrier signal to control distortion removal thereby pro- 
viding accurate distortion connpensation whilie albwing 
full use of a wide band frequency range. 

U.S. patent 4,560,945 discloses an adaptive feed 

2S forward cancellatbn system employing modulators to 
control the phase and amplitude of cancellatbn signals 
used for reducing distortbn and interriiodulation product 
signals of a bank of power amplifiers. To prevent cou- 
pling of these signals through the modulators to the out- 

30 put of the amplifier, th e modulators are connected to the 
inputs of the bank of power amplifiers. 

U.S. patent 4,394,624 discloses an amplification 
system for processing multiple channels over a wide fre- 
quency range. Feed forward techniques are utilized to 

ss reduce distortion products in the amplifier output. Dis- 
tortbn reductbn is enhanced by treating individual 
channels of frequency sub-bands of the multi channel 
signal being processed to reduce the signal distortion. 
According to this invention there is provided a dis- 

40 tortion compensation circuit according to claim 1 . 

Distortion may be removed from the power amplifier 
output by detecting ah intermodulation distortion signal 
thereat, nxjnitoring the Intermodulation distortion signal 
and adjusting the magnitude and phase of the output of 

45 the first combining means to minimize the monitored in- 
termodulation distortion signal. 

Brief Description of the Drawing 

so FIG. 1 depicts a block diagram of a distortion com- 
pensating circuit illustrative of the invention; 
FIG. 2 shows a mere detailed block diagram of the 
controller ot FIG. 1: 

FIGS. 3. 4 and 5 are flow charts illustrating the op- 
55 eration of the controller of FIG. 2; 

FIG. 6 depicts a block diagram of another distortion 
compensating circui; illustrative ol the invention; 
FIG. 7 is a flow chart illustrating the operation of the 
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controller of FIG. 6; and 

FIG. 8 shows wavefofms illustrating the operation 
olFIGS. lands. . ' ' ' \ / 

Detailed Description . 5 

FIG. 1 depicts a distortion compensation arrange- 
ment for a power amplifier operative to amplify signals 
across a prescribed frequency band that is illustrative of 
the invention. In FIG. 1, the power^amplifier comprises io 
a plurality of substantially identical amplifiers 135-1 
through 1 35-N connected in parallel. Each of these am- 
plifiers receives its input from combiner 115 via multiple 
output splitter 132. The outputs of ampJifiers 135-1 
through 13S-N are combined trito a single high, power is 
signal in multiple input combiner 137. Since the ampli- 
fiers are substantially identical, each has the same pre- 
scribed distortion characteristic. The circuit of FIG. 1 in- ' 
cliides a predistortion amplifier 105 which is substantial- 
ly identical to amplifiers 1 35-1 through 1 35-N and there- 20 
fore has the same distortion characteristic. Compensa- . 
tion is obtained by isolating the distortion component of . 
the output of amplifier 105 and applying a phase Invert- 
ed version of the distortion to the inputs of amplifiers 
135-1 through 135-N. The distortion compensation ar-. 25 
rangement provides amplification of the one or more in- 
put signals applied thereto while adjusting the parame- 
ters to optimize the distortion compensation. 

Referring to FIG. 1, a composite Input signal s is 
split into two portions s^ and S2 in signal splitter 101. 30 
Portion S| is applied a first circuit path including amplifier 
1 05. This amplifier provides a preset gain while inserting 
the prescribed distortion and supplies its output to direc- 
tional coupler 110. The main output of coupler 110 is 
delayed in fixed delay elem»it 11 3 and coupled there- 35 
from to one Input of G^>mblner 115. Portion Sg is appDed 
to a second circuit path including gain and phase adjust- 
er 103. Signal S2 is modified by gain and phase adjuster 
103 and applied to combiner 117 wherein a portion of 
the output of directional coupler 110 is combined with 40 
the modified signal $2 to minimize signals other than a 
component corresponding to the distortion output of am- 
plifier 105. If the amplitude and the phase of the signal 
from gain and phase adjuster 1 03 are property adjusted, 
the amplified signal from directional coupler 1 1 0 is can- 45 
celed by the clean signal from delay 1 04 so that only the 
prescribed distortion appears as the output of combiner 
1 1 7. Splitter 1 20 supplies a portion of the output of com- 
biner 1 1 7 on lead 1 42 to a control arrangement including 
controller 150 to control the parameters of gain and so 
phase adjuster 103 as will be described. 

The output of splitter 120 is applied to gain and 
phase adjuster 123 via lead 147. The modified distortion 
signal from adjuster 1 23 is inverted and amplified in volt- 
age amplifier 1 27 by a preset amount and applied to an ss 
input of combiner 1 1 5. Adjuster 1 23 is adapted to modify 
the magnitude and the phase of the distortion signal 
from combiner 117 so that the distortion component of 



the signal from combinef 115 Is equal to the prescribed 
distortion of amplifiers 135^1 through 1 35-N but inverted 
in phase. As a result of the operation of the distortion 
compensation arrangement, the distortion produced by 
amplifiers 135-1 through f 35-N is canceled by the op- 
positely phased distortion signal applied to the inputs of 
these amplifiers from combiner 115. The time delay of 
fixed delay element -1 1 3 Is set to compensate for differ- 
ences in the delays between the altemative paths for 
the input signal and the parameters of adjuster 123 are 
controlled by monitoring the distortion output of the am- 
plifiers at directional coupler 138 and modifying the ad- 
juster parameters to minimize the distortion output of the 
paralleled amplifiers. 

In order to assure that the output of combiner 117 
is representative of the preserved distortion, the signal 
from splitter 138 on lead 140 is sent through RF switch 
145 to mixer 155. Controller 150 supplies a scan signal 
to the other input of mixer 155 so that the prescribed 
frequency range of the amplifier is scanned from its low 
end to its high end. When a carrier signal is detected, 
the scan Is Interrupted and the carrier frequency is held. 
RF switch 145 then connects the output of splitter 120 
to mixer 1 55 via lead 1 42 so that the output of combiner 
1 1 7 is monitored by narrow band receiver 1 60. Control- 
ler 150 is then operative to modify the paranreters of 
gain and phase adjuster 103 to reduce the riiagnitude 
of the detected carrier in the signal appearing at the out- 
put of combiner 117. The parameter modification oper- 
ations are repeated until either the magnitude of the 
monitored carrier signal Is minimized or a preset number 
of modifications have been completed. 

FIG. 8 illustrates the frequency band of the circuit 
of FIG. 1 . Both carrier and tntermodulation distortion sig- 
nals occur within the band Carrier signals shown in 
waveforms 801, 803 and 805 have amplitudes greater* 
than -30 db and an intermodulation distortion product 
signal 807 has an amplitude between -30 and -60 db. 
Controller 150 is operative to scan output 1 80 from one 
end, e.g.. i^, of the prescribed frequency band of the cir- 
cuit of FIG. 1 to locate carrier signal (waveform 801). 
Once the carrier signal is located, the magnitude of the 
carrier signal from combiner circu'rt 117 Is monitored by 
the controller via RF switch 145, mixer 155 and narrow 
band receiver 160 and the amplitude and phase param- 
eters of amplitude and phase adjuster 1 03 are iteratively 
modified to drive the carrier signal component of the out- 
put of the combiner 117 to a minimum. This amplitude 
and phase adjustment assures that the output ot com- 
biner 117 has the maximum carrier signal reduction. 

It is also necessary to minimize the intermodulation 
product component of the power amplifier output. The 
prescribed frequency band is again scanned from end 
f^ in FIG. 6 by connecting the output of splitter 138 to 
mixer 155 via lead 140 and RF switch 145 to detect the 
intermodulation product signal of waveform 807. Once 
the intermodulation product signal is found, the param- 
eters of amplitude and phase adjuster 1 23 are iteratively 
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modified to minimize the intemiodulation product signal 
appearing on lead 1 40 from directional coupler 1 38. Ad- 
vantageously, it is not necessary to remove a portion of 
the prescribed frequency band from sen^ice in order to 
insert a pilot signal for distortion reduction. 

ControDer 150 is shown in greater detail in FIG. 2. 
The circuit of FIG. 2 comprises a signal processor ar- 
rangement such as the Intel type D87C51 microproces- 
.sor and includes control prograrn store 205 and control 
processor 210, carrier and internrKxlulation signal store 
215, input interface 203, output interface 235 and bus 
218. Analog to digital converter 201 receives signals 
representative of the magnitude of signals from receiver 
1 60 and converts the analog signal into a series of digital 
values. Control processor 210 operating in accordance 
with instructions stored in control program Sstore 205 
causes these digital values to be sent to store 215 via 
input interiace 203 and bus 218. The processor also pro: 
vides digital signals to digital to analog converters 220. 
225, 230, 240 and 245 via bus 218 and output interface 
235. The analog output of converter 220 is supplied to 
voltage controlled oscillator (VCO)~152 to direct scan- 
ning operations. The output of converts 225 and 230 are 
sent to ampi'rtude adjustment control and the phase ad- 
justment control of amplitude and phase adjuster 103 
via leads 162 and 164 to modify its amplitude and phase 
characteristics, respectively. The outputs of converters 
240 and 245 are sent to amplitude and phase adjuster 
123 via leads 166 and 168 to modify its amplitude and 
phase parameters. Interface 235 is also connected to. 
the control lead of RF switch 145 to determine its posi- 
tion during the control operations. 

Prior to the start of operation of the circuit of FIG. 1 , 
amplitude and phase adjusters 103 and 1^3 are manu- 
ally trimmed to optimum settings. Controller 150 is 
adapted to maintain optimum operation over time under 
varying conditions. Amplitude and phase adjuster 103 
modifies the amplitude and phase characteristics of sig- 
nal S2 so that the amplified signal component of amplifier 
105 is canceled by the undistoited output signal from 
gain and phase adjuster 103. The controller is first con- 
nected to directional coupler 138 by RF switch 145 and 
directs the scanning of the frequency spectrum of the 
signal therefrom through VC0 152, mixer 155 and nar- 
row band receiver 160 to detect a carrier. It is then con- 
nected to splitter 120 at the output of combiner 117 and 
the amplitude and phase parameters of adjuster 1 03 are 
adjusted to minimize the magnitude of the carrier ap- 
pearing on lead 1 42. After the carrier component is min- 
imized or a preset number of adjustments are made, the 
controller operates to scan the prescribed frequency 
band from end II to delect an intermodulatlon signal and 
makes a sequence of adjustments of the amplitude and 
phase parameters of adjuster 123 to reduce the inter- 
modufalion signal on lead 140 below a prescribed 
threshold. The controller continuously cycles through 
parameter adjustment of amplitude and phase adjusters 
103 and 123. 



The operation of the controlter of RG. 2 is directed 
by instructions permanently stored in control program 
store 205. FIG. 3 is a flow chart illustrating the operation 
of the controller 1 50 in accordance with the instructions 

s stored therein. With reference to FIGS. 2 and 3, control 
processor 210 initially resets digital to analog converters 
220. 225, 230. 240 and 245 as per program step 301. 
Carrier adjustrnent control signals and the intermoduta- 
. tion adjustment control signals are then initialized in 

10 steps 302 and 303 and RF switch 145 is set to receive 
the signal on lead 140 (step 304). At this time. VCO cir- 
cuit 152 is set by digital to analog converter 220 to be 
at the f|^ end of the prescribed frequency range of the 
amplifier. RF switch 145 is set to couple lead 140 to one 

IS input of mixer 1 45 and VC0 1 52 is connected to the oth- 
er input of mixer 155. In the loop from step 305 to step 
307, the prescribed frequency band is scanned (step 
305) until a carrier signal is detected at lead 140 (step 
. 307). Signals obtained at narrow band receiver 160 dur- 

20 ing the scan are applied to analog to digital converter 
201 in FIG. 2 and stored by the control processor in data 
store 21 5. Upon detection of a carrier signal by the con- 
trol processor, the carrier signal amplitude and frequen- 
cy are stored and the scan frequency of VCO 152 is 

25 maintained (step 310). 

Processor 21 0 then sends a signal to RF Switch 1 45 
to change its position to couple the distortion signal from 
splitter 1 20 to mixer i 55 (step 31 2). At this time, the sig- 
nal on lead 1 42 corresporKling to the detected carrier is 

30 applied from receiver 160 to analog to digital converter 
201 . A sigrial N which counts the number of carrier sig- 
nal adjustments is then set to one (step 315) and the 
carrier signal adjustment loop from step 317 to step 330 
is entered. During the iterative detected carrier signal 

3S adjustment, the parameters of amplitude and phase ad- 
juster 103 are modified to minimize the carrier signal ob- 
sen^ed by the control processor. The loop is iterated until 
the carrier signal falls below a predetenmined threshold 
or until a preset number of adjustments have been 

40 made. 

In the carrier adjustment bop, the carrier signal at 
splitter 1204s applied to analog to digital converter 201 
via RF switch 145, mixer 1 55 and receiver 1 60. The car- 
rier magnitude data |s analyzed and adjustments are 

4S made to the amplitude and phase parameters of adjust- 
er 103 (step 317). The magnitude of the carrier signal 
M(Sg) is compared to the predetemiined threshold in de- 
cision step 320 by processor 210. Until the carrier mag- 
nitude is less than the threshold TH, the loop is iterated. 

so If the magnitude of the carrier signal at splitter 120 is 
less than the threshold value, the carrier component in 
the output of combiner 117 in FIG. 1 is determined to be 
acceptable, control is passed to step 333 and the inter- 
modulation signal reduction is started. Where the mag- 

55 nitude is equal to or greater than the threshold value TH, 
the carrier adjustment count is incremented (step 327) 
and compared to a predetermined number N* (step 
330). If N* is exceeded, the iterations are terminated and 
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the intermodulatton product sfgnal reduction is begun in 
step 333. The operations of detected earner signal data, 
analysis step 317 are shown in greater detail in the flow 
chart of FIG. 4. ... 

With reference to FIG. 4. the anal/sis involves sep- 
arate adjustment of the amplitude and phase parame- 
ters of adjuster 103. Decision step 401 is entered from 
step 31 5 or step 330 to determine whether the amplitude 
or the phase parameter is to be adjusted in the current 
iteratiori. This is done by dividing the adjustment count 
signal N by 10. If the result is even, the control signals 
DR, CN and SS are set to the amplitude adjustment val- 
ues DFIA. CNA and SSA in step 405. Otherwise the ad- 
justment control signals DR. CN and SS are set to DRR 
CNP and SSP for phase adjustment in step 410. As- * 
sume for purposes of illustration that amplitude adjust- 
ment is selected. The direction of change control signal 
DR is initially set to the value, le., t (increase) or D (de- 
crease), obtained in the last Iteratbn. The condition con-: 
trol signal is set to either B (better) or W (worse) corre- 
sponding the corrective value of the last iteration and 
the correction step size SS is set to a large value, me- 
dium value or small value corresponding to the last iter- 
ation. 

Decision step 415 is then entered in which the con- 
trol parameters are evaluated. If CN=6 and DR=I or 
CN=W and DR=D indicating an improvement on in- 
crease or a worsening on decrease during the last iter- 
ation, control signal DR is set to I and the control voltage 
on amplitude adjustment digital to analog converter 225 
is increased by an amount corresponding to the setting 
of step size signal SS (step 425). In the event that the 
condition CN=B and DR=I or CN=W and DR=D is not 
satisfied, direction control DR is set to D and the control 
voltage on the amplitude adjustment converter is de- 
creased by the amount corresponding to the last itera- 
tion step size SS (step 420). In the initial iteration, the 
step size is preset to zero. 

After the adjustment of step 420 or step 425, the 
carrier detected signal amplitude M(Sc) is input from re- 
ceiver 1 60 of FIG. 1 (step 430) and compared to the am- 
plitude of the preceding iteration M(Sc)* (step 433). If M 
(Sc) ^ M(Sc)*, the adjustment status is worse and con- 
dition signal CN is set to W (step 438). Where M(Sc) is 
smaller than M(Sc)*. the adjustment status is better and 
CN is set to B (step 435). M(Sc)* is then set to the current 
magnitude value M(Sc) in step 440 preparatory for the 
next iteration. 

The range of the present magnitude signal M(Sc) is 
then determined in decision steps 442. 444 and 446 so 
that the step size of the next iteration can be adjusted. 
If the magnitude of M(Sc) is greater than -10 db relative 
to the peak of the detected carrier, the step size is set 
to a large value in step 450 so that the next adjustment 
provides a large correctbn. A magnitude of M(Sc) be- 
tween -10 and -20 db causes the step size to be set to 
a medium value in step 452 and a step size between 
-20 and -30 db generates a small step size in step 454. 



If the magnitude of M(Sc) Is less than -30 db. the step • 

size is set to zero in step 448. Since N/10 is even for 
amplitude adjustment, step 464 is entered via decision 
step 460 and the updated parameters DR. CN and SS 

s arestpredassignalsDRA.CNAandSSA. If N/IOisodd. 
control parameters DR. CN and SS are stored as signals 
DRP. CNP and SSP in step 462. Processor control is 
then passed to step 320 in FIG. 3. 

Where the signal N/10 is odd. the operation of the 

10 control processor is the same as previously described 
vwth respect to FIG. 4 except that condition control signal 
CNP. direction control signal DRP and step size signal 
SSP are obtained as indicated in step 410 and used as 
control signals CN, DR and SS. Maximum adjustment 

IS count signal N* may be set to a high value so that the 
control processor adjusts one of the amplitude and 
phase parameters of adjuster 103 several times and 
. then adjusts the other of the amplitude and phase pa- 
rameters several times or until the magnitude of the car- 

20 lier signal M(Sc) falls below threshold TH. 

When the carrier processing loop of FIG. 3 is exited 
' via decision step 320 or 330, processor 210 causes RF 
switch 145. to be repositioned so that lead 140 from di- 
irectional coupler 1 38 is cc^nected to one input of mixer. 

2S 155 and the output of receiver 160 corresponds to the 
output signal at lead 140 (step 333). The controller is 
then ooTKlitioned to scan the frequency range of the am- 
plifier from the same end used as the starting frequency 
of the carrier signal to search for an interrrxxJulation 

30 product signal (step 335). If such an intemrKxJulatibn 
product signal is detected in step 340 prior to the carrier 
frequency f(Sc), the intermodulation count signal M is 
set to one (step 343) and intermodulation adjustment 
loop from step 345 to step 355 is entered. Otherwise. 

35 the processor returns to step 304 so that the carrier scan 
process of steps 305 and 307 is restarted 

In the intermodulation reduction loop, processor 
210 analyzes the intermodulation signal magnitude IM 
and adjusts the amplitude and phase of adjuster 123 re- 

40 sponsive thereto (step 345). After an adjustment is. 
made to adjuster 123, the intermodulation signal IM is 
tested in decision step 348. If the magnitude I M is not 
between -30 and ^0 db. processor control is passed to 
step 304 and the carrier signal search loop is reentered. 

45 When the IM signal Is between -30 and -60 db. another 
iteration of the intermodulation reduction loop is needed 
and intermodulation count signal M is incremented (step 
352). The incremented value is compared to maximum 
count signal M* (step 355) and the loop is reentered in 

so step 345. If the magnitude IM is greater than -30 db. the 
detected signal may not be an intermodulation signal 
and control is returned to step 304. Where magnitude 
IM is below -60 db. the value is acceptable and step 304 
is reentered. The intermodulation reduction loop may be 

SS exited from either decision steps 348 or 335. 

The intermodulation signal analysis and adjustment 
step 345 is shown in greater detail in FIG. 5. Referring 
to FIG. 5. the analysis involves separate adjustment ol 
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the amplitude and phase parameters ot adjuster 123. 
Decision step 501 is entered from step 343 or 355 in 
FIG. 3 to determine whether the amplitude or the phase 
parameter is to be adjusted in the current iteration. This 
is done by dividing the adjustment count signal M by 10. 
If the result is even, the control signals for the adjust- 
ments OR. CN. and SS are set to previous amplitude 
intenmodulation adjustment values DRIA, CNIA and 
SSIA in step 505. Othen^fise, the adjustmerit control sig- 
nals DR, CN. and SS are set to previous phase Inter- 
modulation adjustment values DRIR CNiP and SSIP in 
step 510, Assume for purposes of illustration that am- 
plitude adjustment is selected. The direction of change 
control signal OR is initially set to the value, i.e., I (In- 
crease) or D (decrease), obtained in the last iteration. 
The condition control signal is set to either B (better) or 
W (worse) corresponding the corrective value of the last 
iteration anGi the correction step size SS is set to a large 
value, medium value or small value corresponding to the 
last iteration. 

Decision step 515 is then entered wherein the con- 
trol parameters are evaluated. If CN=B and ORsI or 
CN=:W and DR=D. indicating an improvement on in- 
crease or a worsening on decrease during the last iter- 
ation, control signal DR is set to I and the control voltage 
on amplitude adjustment digital to analog converter 240 
is increased by an amount corresponding to the setting 
of step size signal SS (step 525). In the event that the 
condition CN=B and DR=I or CN=W and DR=D is not 
satisfied, direction control DR is set to D and the control 
voltage on the amplitude adjustment converter is de- 
creased by the amount corresponding to the last Itera- 
tion step size SS (step 520). In the initial iteration, the 
step size is preset to zero. 

After the adjustment of step 520 or step 525, the 
intermodutatidn signal amplitude IM is input from receiv- 
er 160 of FIG. 1 (step 530) and compared to the ampli- 
tude of the preceding iteration IM* (step 533). If IM ^ 
IM*. the adjustment status is worse and condition signal 
CN is set to W (step 538). Where IM is smaller than IM*, 
the adjustment status is better and CN is set to B (step 
535). IM* is then set to the current magnitude value IM 
in step 540 preparatory for the next iteration. 

The range of the present magnitude signal IM is 
then determined in decision steps 542, 544 and 546 so 
that the step size of the next iteration can be is adjusted. 
If the magnitude of IM is greater than -40 db relative to 
the peak of the detected carrier the step size is set to a 
large value in step 550 and the next adjustmerit provides 
a large correction. A magnitude of IM between -40 and 
-50 db causes the step size to be set to a medium value 
in step 552 and a step size between -50 and -60 db gen- 
erates a small step size in step 554. If the magnitude of 
IM is less than -60 db. the step size is set to zero in step 
548. Since M/10 is even for amplitude adjustment, step 
564 is entered via decision step 560 and the updated 
parameters DR, CN and SS stored as signals DRIA, 
CNIA and SSIA. If M/10 is odd. control parameters DR, 



CN and SS are stored as signals DRIP. CNIP and SSIP 
in step 562. Processor control is then passed to step 

. - 348 in FIG. 3. . 

Where the signal M/10 is odd (phase adjustment). 
s the operation of the control processor is the sanrte as 
previously described with respect to FIG. .5 except that 
condition control signal CNIP. direction control signal 
DRIP and step size signal SSIP are obtained as indicat- 
ed in step 51 0 and used as control signals CN. DR and 

10 SS. Maximum adjustment count signal M* may be set 
• to a high value so that the control processor adjusts one. 
of the amplitude and phase parameters of adjuster 1 03 
several times and then adjusts the other of the amplitude 
and phase parameters several times or until the condi- 

is tion of step 448 is meL 

When the data analysis and comparison of steps 
345 and 348 are completed, intermodulation count M is 
incremented (step 352) and the count is compared to 
the.maximurti allowable count M(Sc)* in decision step 

20 355. If M > M*. step 304 is reentered to begin the carrier 
signal search operations. Where M <M* in step 355, the 
next iteration is then started in step 345. The iterations 
are ended when the intemnodulation product signal is 
outside the -30 to -60 eft) range set in decisipn step 348 

2S or the iterations time out in step 355 because count sig- 
nal M > M*. As a result of the intenrKxJulation reduction 
loop operation, the internrvodulation distortion is reduced 
by readjusting the parameters of amplitude and phase 
adjuster 1 23 until an acceptable level of IntemrKxJulation 

30 distortion is obtained. 

FIG. 6 depicts a block diagram of another embodi- 
ment illustrative of the invention in which the prese- 
cribed frequency range of the amplifier circuit is scanned 
preferably from the center of the band f^ to the high. end 

3S to locate a frequency at which there is no carrier or other 
signal except noise. Upon detection of a location m the 
frequency range where only noise is detected, a pilot 
signal having the detected frequency is introduced into 
the input of the power amplifier The pilot operates in the 

40 same manner as the detected carrier signal described 
with respect to FIG. 1 so that the parameters of the am- 
plitude and phase adjuster for the elbnination of the car- 
rier signal may be modified to minimize the pilot signal 
and the parameters of the gain and phase adjuster to 

^ rmxiify the distortion signal may be changed to minimize 
the intermodulation products signal. 

Referring to FIG. 6, the first circuit path includes 
splitter 601 , predistortion amplifier 605 and directional 
coupler 610 which operate as described with respect to 

so FIG. 1 . In addition, directional coupler 676 is inserted 
before splitter 601 so that a pibt signal may be intro- 
duced. The second circuit path comprises gain and 
phase adjuster 603, delay 604 and combiner 617. Com- 
biner 617 cancels the amplified signal component from 

SS predistortion amplifier 605 with the input signal from the 
gain and phase adjustment circuit path so that the dis- 
tortion component appears at the input of splitter 620. 
/Amplitude and phase adjuster 623 modifies the distor- 
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tion obrnponent from combiner 617 and applies the 

modrfied distortion component to combiner 61 5 via volt- 
age amplifier 627 so that the phase Inverted prescribed 
distortion is applied to the inputs of paralieled amplifiers : 
635-1 through 635-N. The amplifier output is obtained s 
at lead 680 via directional coupler 638. tn TIG. 6. the 
pilot signal Is introduced into both the predistortion am> 
plifier path and the gain and phase adjustment path and 
the magnitude of the pilot signal at the output of com- 
biner 617 is used to adjust the amplitude and phase pa- io 
rameters of adjuster 603 to keep the pilot signal magni- 
tude at the combiner output at its minimum value. 

Controller 650 is substantially the same as control- 
ler 150 of FIG. 1 except that the instructions in control 
program store 205 are modified to scan the prescribed is 
frequency band from end f^ to locate a frequency at 
which there is no signal and to insert a pilot signal at that 
frequency into directional coupler 676: In order to gen- 
erate a pilot sigr^al. VCO 652 drives frequency shifter 
670 so that it produces a signal at tfie detected f requen- 20 
cy. The inserted pilot then operates as a carrier as de- 
scribed with respect to the flow charts of FIGS. 3 and 4. 
The operations of FIG. 3 and FIG. 5 wfth respect to vi- 
termodulation product si^al reduction are unchanged. 
Thus ratherthan scanningfora carriersignal as insteps 2S 
305 and 307, the scan steps illustrated in FIG. 7 are per- 
formed. 

With reference to FIG. 7, digital to analog convert- 
ers 225, 230, 240 and 245 are initially reset in step 701 
and the pilot adjust and intermodulation adjust control 30 
signals are initialized in steps 702 and 703. RF switch 
645 is then set to couple the signal on lead 640 to mixer 
655 (step 704) and controller 650 is directed to scan 
from one end of the prescribed frequency band for a fre- 
quency at which there is no signal (step 705). When the 3S 
absence of a signal is detected in step 707. the detected 
frequency is stored (step 710) in data store 215 of FIG. 
2. RF switch 645 is then set to connect splitter 620 to 
mixer 655 (step 71 2) and the pilot adjust count signal in 
the controller processor is resettoone (step714). Apilot 40 
signal » then tumed on in VCO 652 and converted to 
the detected frequency in frequency shifter 670. The de- 
tected frequency pilot signal Is then applied to direction- 
al coupler 676 (step 715). The remaining operations of 
FIG. 7 correspond to the operations with respect to FIG. ^ 
1 shown in FIG. 3 except that the magnitude of the pilot 
signal is analyzed in step 717 of FIG. 7 and FIG. 4 and 
the pilot signal Is turned off after the pilot minimizing op- 
erations are completed (step 723 of FIG. 7). The inter- 
modulation signal reduction in steps 733 through 755 50 
are the same as the corresponding steps in FIG. 3 and 
FIG. 5 and the intermodulation signal is the first such 
signal detected in the scan operations of steps 735 and 
740. Advantageously, the pilot Is inserted at any unused 
part of the amplifier frequency band and the full f requen- ss 
cy band except for the unused pilot frequency may be 
used lor transmission. 



Claims 

1 . A distortion compensation circuit comprising: 

a power amplifier (135-N) having a prescribed 
distortion characteristic: means (101) for re- 
ceiving one or more input signals including iat 
least one carrier signal in a predetermined fre- 
quency range: 

a first circuit path having an input connected to 
the receiving means, an output, and a first am- 
plifier ( 1 05) with a predetermined gain and sut>- 
stantially the same prescribed distortion char- 
acteristic as the power amplifier, the first ampli- 
fier being connected to be responsive to the 
one or rriore input signals for generating an out- 
put signal including a component correspond- 
hg to the one or more input signals nxxiified by 
said predeterrnined gab and a distortion com- 
ponent corresponding to the prescribed distor- 
tion characteristic: 

a second circuit path having an input connected 
to the receiving means and an output for trans- 
ferring the one or more input signalis without 
distortion; 

first means (1 1 7) for combining the output of the 
first circuit path with the transferred one or more 
signals if rom the output of the second circuit 
path to form a signal corresponding to the dis- 
tortion component of the first circuit path output 
signal; 

second means (115) for combining the distor- 
tion component signal from the first combining 
means with the output signal of the first circuit 
path to form a signal having a component cor- 
, responding to the one or more viput signals 
modified, by the predetermined gain and a 
component corresponding to the distortion 
characteristic of the first amplifier In inverted 
phase relationship thereto; and 
means for contrdl'mg the signal formed in the 
first combining means; 
CHARACTERIZED IN THAT 
the controlling means comprises 
means (140.150,160) for detecting a carrier 
signal in the predetermined frequency range; 
means (142.150,160) connected to the output 
of the first combining means for monitoring the 
detected carrier signal at the output of the first 
combining means; and 

means (103) in the second circuit path respon- 
sive to the output of said monitoring means for 
adjusting the magnitude and phase of the sig- 
nal applied to the second circuit path to mini- 
mize the monitored canier signal. 

2. A circuit according to claim 1 wherein said detecting 
means (140,150,160) comprises means (150,152, 
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1 55) connected to the output of said power amplifier 
for scanning the predetermined frequency range for 
a signal at said power amplifier output, having a 
magnitude above a first predetemiined threshold. 

3. A circuit according to claim 2 wherein said monitor- 
ing means (142,150,160) comprises 

means (155,160) for generating a signal repre- 
sentative of the magnitude of the detected car- 
• rier signal; 
means (150,317) connected between the gen- 
erating means and the adjusting means and re- 
sponsive to the signal representative of the 
magnitude of the detected carrier signal for pro- 
ducing first and second adjusting signals; 
means (162) for applying the first adjusting sig- 
rial to modify the magnitude of the signal ap- 
plied to the second circuit path; and 
means (164) for applying the second adjusting 
signal to modify the phase of the signal applied 
to the second circuit path. 

4. A circuit according to claim 3 wherein the means 
(150,317) for producing said first and second ad- 
justing signal comprises means (150.450.452.454) 
responsive to the magnitude of the detected carrier 

' signal for sequentially producing one or more first 
adjusting signals until a fixed number of first adjust- 
ing signals is reached or the magnitude of the mon- 
itored detected carrier signal falls below the first 
threshold, and for sequentially producing one or 
more second adjusting signals until a fixed number 
of second adjusting signals is reached or the mag- 
nitude of the monitored detected carrier signal fails 
below the first threshold. 

5. A circuit according to claim 4 wherein the scanning 
means (150.152,155) comprises 

means (152,155) responsive to the output of 

the power amplifier for changing the frequency 
of the signals from the output of the power am- 
plifier to a predetermined frequency; and 
a narrow band receiver (160) for receiving the 
scanned signals at the predetermined frequen- 
cy- 

6. A circuit according to claim 1 wherein the power am- 
plifier (135^) comprises a plurality of amplifiers 
(135-1 - 135-N) connected in parallel each amplifi- 
er (e, g. 135-1) having the prescribed distortion 
characteristic, and the lirst amplifier (105) has sub- 
stantially the same distortion characteristic as each 
of the plurality of amplifiers connected in parallel. 

7. A circuit according to claim 1 comprising means 
(140,142,1 50.160) for controlling the signal tomned 



in said second combining means, comprising 

means (140,150.152.155,160) connected to 
the output of the power amplifier for detecting 
5 an tntermodulatbn product signal in the prede- 

' termined frequency range and for monitoring 
, the detected intermodulation product signal at. 
the output of the power amplifier; ar>d 
means (123,127) connected between the first 
10 and second combining means for adjusting the 

magnitude and phase of the first combining 
. means output signal to minimize the monitored 
intenmodulation product signal. 

IS 8. A circuit according to claim 7 wherein the means 
(123.127) for adjusting the magnitude and phase of 
the first combining means output signal comprises 
means (1 27) for inverting the phase of the first com- 
bining means output signal. 

20 ' ' ■ 

9. A circuit according to claim 8 wherein said means 
(140.150.152,155,160) for detecting an intermodu- 
latbn product signal comprises means (140,150, 
1 52, 1 55) corrected to the output of said power am- 

2S plifier for scanning the predetermined frequency 
range for a signal at said power amplifier output 
having a magnitude between a first predetemnined 
threshold and a second predetermined threshold 
bebw the first threshold. 

30 

10. A circuit according to claim 9 wherein said means 
(140,150,152,155,160) for monitoring said detect- 
ed intermodulation product signal comprises 

3S means (1 60) for generating a signal represent- 

ative of the magnitude of the detected inter- 
riKxIuiation product signal; 
means (150,348) connected to the generating 
means for producing first and second adjusting 

40 signals; 

means (166) for applying the first adjusting sig- 
nal to the means for adjusting the nnagnitude 
and phase of the first combining means output 
signal to modify the magnitude of the first com- 

4S bining means output signal; and 

means (168) for applying the second adjusting 
signal to the means for adjusting the magnitude 
and phase of the first combining means output 
signal to modify the phase of the first combining 

so means output signal. 

11. A circuit according to claim 10 wherein the means 
(150.348) for producing said lirst and second ad- 
justing signals comprises means (150,345,348, 

ss 352,355) responsive to the magnitude of the moni- 
tored intermodulation product signal for sequential- 
ly producing one or more first adjusting signals until 
a fixed number of first adjusting signals is reached 
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or the magnitude of the monitored intermodulation 
product signal fails belowthe second thr^old. and 
. for sequentially producing one or more second ad- 
justing signals until a fixed number of second ad- 
justing signals Is reached or the magnitude of the ^ 
monitored intermodulation product signal falls be- 
low the second threshold. 

1 2. A circuit according to claim 11 wherein the scanning . 
means (150. 152, 155) comprises io 

means (140,152,155) responsive to the output 
of the power amplifier for changing the f rkjuen- 
cy of the signals from the output of the power 
amplifier to a predetemiined frequency; and 
a nan-QW band receiver (160) for receiving the 
predetenfnined frequency. 

1 3. A circuit according to claim 7 wherein the power am- 
plifier comprises a plurality of amplifiers (135-1 - . 20 
135-N) connected in parallel, each amplifier (e.g., 

1 35-1 ) haying the preserved distortion.characteris- 
tic, and the first ampGfier (1 05) has substantially the 
same distortion characteristic as each of the plural- 
ity of amplifiers connected In paraliel. 2S 

14. A circuit according to claim 1 wherein the detecting 
means (140,150,160) comprises 

means (640»650,660) for detecting a frequency 30 
in the predetermined frequency range at which 
said one or more Input signals are absent; 
means (640,650,652,670) for generating a pilot 
signal at said detected frequency and for apply- 
ing said pilot signal to the receiving rheans; and ^ 
means (642,650,655,660) connected to the. 
output of the first combining means for monitor- 
ing the pilot signal at the output of the first com- 
bining means. 

40 

1 5. A circuit according to claim 1 4 wherein said means 
(640,650.660) for detecting the frequency in the 
predetermined frequency range at which said one 
or more input signals are absent comprises means 
(640,650.652,655) connected to the output of said ^ 
power amplifier for scanning the predetermined fre- 
quency range for a signal at said power amplifier 
output having a magnitude less than a first prede- 
termined threshold. 

so 

16. A circuit according to claim 15 wherein said means 
(640,650.655,660) for monitoring the pilot signal 
comprises 

means (650,660) for generating a signal repre- ss 
sentative of the magnitude of the pilot signal; 
means (650.717) connected between the 
means for generating a signal representative of 



the magnitude of the pilot signal and the adjust- 
ing means (603) and responsive to the signal 
representative of the magnitude of the pilot sig- 
nal for producing first and second adjusting sig- 
nals; 

means (662) for applying the first adjusting sig- 
nal to nrKxJify the magnitude of the signal ap- 
plied to the^second circuit path; and 
means (664) for applying the second adjusting 
signal to modify the phase of the signal applied 
to the second circuit path. 



Patentanspruche 

1. Verzerrungskompenisationsschaltung mit folgen- 
den: 

ehem Letstungsverstarker (135-N) mit einer 
vorgeschriebenen Verzerrungskennlinie; 
Mitteln (101) zum Empfangen e'tnes oder meh- 
rerer Eingangssignale mit mindestens einem 
Tragersignal in etnem vorbestimmten Fre- 
quenzbereich; 

ernem ersten Schaltungsweg, bei dem em Ein- 
gang mit den Empfangsmittein verbunden ist, 
mrt einem Ausgang und einem ersten Verstar- 
ker (105) mit einer vorbestimmten Verstarkung 
und im wesentlichen derselben vorgeschriebe- 
nen Verzermngskennlinle wie der Leistungs- 
verstarker. wobei der erste Verstarker so ge- 
schaltet Ist. daB er auf das eihe Oder mehrere 
Eingangssignale reagtert, um eri Ausgangssi- 
gnal mit einer dem einen oder mehreren Ein- 
gangssignalen, verandert durch die besagte 
vorbestimmte Verstarkung, entsprechenden 
Komponente und einer der vorgeschriebenen 
Verzerrungskennlinie entsprechenden Verzer- 
rungskomponente zu erzeugen; 
einem zweiten Schaltungsweg. bei dem ein 
Eingang mit den Empfangsmittein verbunden 
ist. und mit einem Ausgang zur Uberlragung 
des einen oder mehrerer Eingangs-signale 
ohne Verzerrung; 

ersten Mitteln (117) zum Kombinieren des Aus- 
gangssignals des ersten Schaltungsweges mit 
dem ubertragenen einen oder mehreren Signa- 
len vom Ausgang des zweiten Schaltungswe- 
ges. um ein der Verzerrungskomponente des 
. Ausgangssignals des ersten Schaltungsweges 
entsprechendes Signal zu bilden; 
zweiten Mitteln (115) zum Kombinieren des 
Verzerrungskomponenlensignals von den er- 
sten Kombiniermiltein mit dem Ausgangssignal 
des ersten Schaltungsweges. um ein Signal zu 
bilden, das eine dem einen oder mehreren Ein- 
gangssignalen, verandert durch die vorbe- 
stimmte Verstarkung. entsprechende Kompo- 
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nente und etne der Verzerrungskennlinie des 
ersten Verstaikers im umgekehrten Phasen- 
verhaltnis dazu entsprechende Komponente 

autweisl; und 

Mittein zum Steuem des in den ersten Kombi- s 
nier-mittein gebitdeten Signals; 
dadurch gekennzeichnet, daS die Steuermittel 
folgendes umfassen: 

Mittel (140, 150. 160) zum Erkennen eines Tr4- " 
gersignals im vorbestimmten Frequenzbe- io 
reKh; 

mit dem Ausgang der ersten Kombiniermittel 
verbundene Mittel (142. 150. 160) zum Uber- ■ 
wachen des erkannten Tragersignals am Aus- 
gang der ersten Kombinier-mittel; und . 
auf das Ausgangssignal der besagte^n Uberwa- 
chungsmittel reagierehde Mittel (103) dem 
zweiten Schattungsweg zum EInstellen der 
GrdGe und Phase des an den zweiten Schal- 
tungsweg angelegten Signals zur Minimierung 20 
des uberwachten Tragersignals. 

2. Schaltung nach Anspruch 1 . wobei die besagten Er- 
kennungsmittel (140. 150. 160) mit dem Ausgang 
des besagten Leislungsverstarkers verbundene 25 
Mittel (150, 152, 155) zum Abtasten des vorbe- 
stimmten Frequenzberek^hs auf ein Signal am be- 
sagten Leistungsverstarkerausgang mit einer einen 
ersten vorbestimmten Schwellwert uberschreiten- 
den GroBe umfassen. . - ^ 

3. Schaltung nach Anspruch 2. wobei die besagten 
Dberwachungsmittel (142, 150, 160)fotgendes um- 
fassen: 

•35 

Mittel (155. 160) zum Erzeugen eines die Grp- 
Be des Tragersignals darstellenden Signals; 
zwischen die besagten Erzeugungsmitiel und - 
die Einstellmittel geschaltete Mittel (150, 317), 
die auf das die GroBe des erkannten Tragersi- 40 
gnals darstellende Signal reagieren, um erste 
und zweite Einstellsignale zu erzeugen; 
Mittel (1 62) zum Aniegen des ersten Einstellsi- 
gnals zur Veranderung der GroBe des an den 
zweiten Schaltungsweg angelegten Signals; ^ 
und 

Mittel (164) zum Aniegen des zweiten Einstell- 
signals zur Veranderung der Phase des an den 
zweiten Schaltungsweg angelegten Signals. 

50 

4. Schaltung nach Anspruch 3= wobei die Mittel (150, 
317) zum Erzeugen des besagten ersten und zwei- 
ten Einstellsignals Mittel (150, 450. 452, 454) um- 
fassen. die auf die GroBe des erkannten Tragersi- 
gnals reagieren. um sequentiell ein Oder mehrere 
erste Einstellsignale zu erzeugen. bis eine feste An- 
zahl erster Einstellsignale erreichl ist Oder die Gro- 
Be des uberwachten erkannten Tragersignals den 



ersten Schwellwert unterschreitet, und um sequen- 
tiell ein Oder mehrere zweite Einstellsignale zu er- 
zeugen, bis eine feste Anzahl zwelter Einstellsigna- 
le erreicht ist oder die GroBe des ubenvachten er- 
kannten Tragersignals den ersten Schwellwert. un- 
terschreitet. 

5. Schaltung nach Anspruch 4, wobei die Abtastmittel 
(150. 152, 155) folgendes umfassen: 

auf das Ausgangssignal des Leistungsverstar- 
kers reagierende Mittel (152, 155) zum Veran- 
• dem der Frequenz der Signale vom Ausgang 
des Leistungsverstarkers auf eine vorfoestimnv 
te Frequenz; und 

einen Schmalbandempf anger (160) zum Emp- 
fangen der abgetasteten Signale mit der vorbe- 
stimmten Frequenz. ...... 

6. Schaltung nach Anspruch 1 , wobei der Leistungs- 
verstarker (135-N) eine Mehrzahl von p^allel ge- 
schatteten Verstarkern (135-1 - 1 35-N) umfaBt. wo- 
bei jeder Verstarker (z.B. 1 35-1 ) die vorgeschriebe- 
ne Verzerrungskennlinie aufweist und der erste 
Verstarker (105) im wesentlicheh dieselbe Verzer- 
rungskennlinie wie jeder der Mehaahl von parallel 
geschatteten Verstarkern aufweist. 

7. Schaltung nach Anspruch 1 mit Mittein (140, 142. 
1 50, 160) zum Steuem des in den besagten zweiten 
Kombiniermittein gebildeten Signals mit folgenden: 

mit dem Ausgang des Leistungsverstarkers 
verbundenen Mittein (140, 150. 152, 155. 160) 
zum Erkennen eines Intermodulationsprodukt- 
signals im vorbestimmten Frequenzbereich 
und zum Uberwachen des erkannteri Intermo- 
dulationsproduktsignals arin Ausgang des Lei- 
stungsverstarkers; und 

zwischen die ersten und zweiten KoiTibiniermit- 
tel geschaltete Mittel (123. 127) zum Einstellen 
der GroBe und Phase des Ausgangssignals der 
ersten Kombiniermittel zum Minimieren des 
ubenvachten Intermodulationsproduktsignals. 

8. Schaltung nach Anspruch 7, wobei die Mittel (123, 
127) zum Einstellen der GroBe und Phase des Aus- 
gangssignals der ersten Kombiniermittel Mittel 
(127) zum Invertieren der Phase des Ausgangssi- 
gnals der ersten Kombiniermittel umfassen. 

9. Schaltung nach Anspruch 8, wobei die besagten 
Mittel (140, 150, 152, 155. 150) zum Erkennen ei- 
nes Intermodulationsproduktsignals mit dem Aus- 
gang des besagten Leistungsverstarkers verbun- 
dene Mittel (140. 150. 152, 155) 2um Abtasten des 
vorbestimmten Frequenzbereichs auf ein Signal am 
besagten Leistungsverstarkerausgang mit einer 
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GroBe zwischen einem ersten vorbestimmten 
Schwellwert und einem zwetten vorbestinvnten 
Schwellwert untertialb des ersten Schweltwerts um- 
fassen. - 

5 

10. Schattiing nach Anspruch 9. wobei die besagten 
Mittel (140, 150. 152. 155. 160) zum Oberwachen 
des besagten erkannten Intisrmcxiulationsprodukt- 
signals folgendes umfassen: 

10 

Mittel (160) zum Erzeugen eines die GroQe des 
erkannten Interniodulatlonsproduktsignals dar- 
stellenden Signals; 

mit den Erzeugungsmittein yerbundene Mittel 
(150, 346) zum Erzeugen erster und zweiter 
Einstellsignale; 
. Mittel (166) zum Aniegen des ersten Einstellsi> 
gnals an die Mittel zum Etnstellen der GroBe 
und Phase des Ausgangssignats der ersten 
Kombiniermittel zum Verandem der GroBe des* 20 
Ausgangssignals der ersten Kombiniermittel: 
und . 

Mittel (168) zum Aniegen des zweiten Einstell- 
signals an die Mittel zum Einstellen der GroBe 
und Phase des Ausgangssignals der ersten 2S 
Kombiniermittel zum Verandem der Phase des 
Ausgangssignals der ersten Kombiniermittel. 

11. Schaitung nach Anspruch 10. wobei die Mittel (150, 
348) zum Erzeugen der besagten ersten und zwei- 30 
ten Einstellsignale Mittel (150. 345. 348, 35^ 355) 
umfassen, die auf die GroBe des ubenwachten In- 
termodulationsproduktsignals reagieren. um se- 
quentiell ein oder mehrere erste Einstellsigriale zu 
erzeugen, bis eine feste Anzahl erster Einstelisi- 3S 
gnale erreicht ist oder die GroBe des Qbenwachten . 
Intermodulationsproduktsignals den zweiten 
Schwellwert unterschreitet, und um sequentiell ein 
Oder rnehrere zweite Einstellsignale zu erzeugen, 

bis eine feste Anzahl zweiter Einstellsignale er- 40 
reicht ist Oder die GroBe des Qbenwachten Intermo- 
dulationsproduktsignals den zweiten Schwellwert 
unterschreitet 

1 2. Schaitung nach Anspruch 1 1 , wobei die Abtastmit- 
tel (150. 152, 155) folgendes umfassen: 

auf das Ausgangssignal des Leistungsverstar- 
kers reagierende Mittel (140, 152, 155) zum 
Andem der Frequenz der Signale vom Aus- so 
gang des Leistungsverstarkers auf eine vorbe- 
stimmte Frequenz; und 
einen Schmalbandempfanger (160) zum Emp- 
fangen der vorbestimmten Frequenz. 

55 

13. Schaitung nach Anspruch 7, wobei der Leistungs- 
verstarker eine Mehrzahl von parallel geschalteten 
Verstarkern (135-1 - 135-N) umfaBl, wobei jeder 



Verstarker (z.B. 135-1) die vorgeschriebene Ver- 
zerrungskennlinie auf weisl und der erste Verstarker 
(105) im wesentlichen dieselbe Verzernjngskennli- 
nie wie jeder der Mehrzahl von parallel geschalte- 
ten Verstarkern aufweist. 

14. Schaitung nach Anspmch 1 , wobei die Erkennungs- 
mittel (1 40. 1 50,< 1 60) folgendes umfassen: 

Mittel (640, 650, 660) zum Erkennen einer Fre- 
quenz im vorbestimmten Frequenzbereich, bei 
der besagtes eines oder mehrere Eingangssi- 
gnale abwesend sind; 

Mittel (640, 650. 652. 670) zum Erzeugen eines 
Pilotsignals mit der besagten erkannten Fre- 
quenz und zum Aniegen des besagten Pilotsi- 
gnals an die Empfangsmittel; und 
mil dem Ausgang der ersten Kombiniermittel 
verbundene Mittel (642. 650. 655, 660) zum 
Oberwachen des Pilotsignals am Ausgang der 
ersten Kombiniermittel. 

15. Schaitung nach Anspruch 14, wobei die besagten 
Mittel (640, 650, 660) zum Erkennen der Frequenz 
im vorbestimmten Frequenzbereich, bei der das be- 
sagte eine oder mehrere Etngangssignale abwe- 
send sind. mit dem Ausgang des besagten ersten 
Verstarkers verbundene Mittel (640, 650, 652. 655) 
zum Abtasten des vorbestimmten Frequenzbe- 
reichs auf ein Signal am besagten Leistungsver- 
starkerausgang mit einer geringeren GroBe als ein 
erster vorbestimmter Schwellwert umfassen. 

16. Schaitung nach Anspruch 15. wobei besagte Mittel 
(640. 650, 655, 660) zum Oberwachen des Pibtsi- 
gnals folgendes umfassen: 

Mittel (650. 660) zum Erzeugen eines die Gro- 
Be des Pibtsignals darstellenden Signals; 
zwischen die Mittel zum Erzeugen eines die 
GroBe des Pilotsignals darstellenden Signals 
und die Einsteilmittet (603) geschaltete und auf 
die GroBe des Pilotsignals reagierende Mittel 
(650. 717) zum Erzeugen erster und zweiter 
Einstellsignale; 

Mittel (662) zum Aniegen des ersten Einstellsi- 
gnals zur Veranderung der GroBe des an den 
zweiten Schattungsweg angelegten Signals; 
und 

Mittel (664) zum Aniegen des zweiten Einstell- 
signals zur Veranderung der Phase des an den 
zweiten Schaltungsweg angelegten Signals. 



Revendications 

1 . Circuit de compensation de distorsion comprenant: 
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Cin amplificateur lindaire (135-N) ayant une ca- 
ractdristique da distofsion prescrite; 
-un moyen (101) pour recevoir un ou ptusteurs 
signaux d'entr6e comportant au moins un si- 
gnal de porteuse dans une ganrvne de f r^uen- s 
ces pr6d6termin6e; 

un premier chemin de circuit ayant une entree 
cbnnectSe au moyen de reception, une sortie, 
et ur} premier amplificateur (1 05) ayant un gain 
prMdtermind et substantlellement la meme ca- io 
ractdristique de distorsion prescrite que i'ampli- 
ficateur lin^aire. le premier amplificateur etant 
connecte pour etre sensible au ou aux plur 
sieurs signaux d*entree pour gendrer un signal 
de sortie comportant une composante corres- y5 
pondant au ou aux plusieurs signaux modifies 
par tedit gain pr^dtenmlne et une composante 
de distorsion correspondant ^ ia caract^risti- 
que de distorsion prescrite: 
un deuxi&me chemin de circuit ayant une en* 20 
tr6e connectee au moyen de reception et une 
sortie pour transferer le ou les signaux d'entr^e 
sans distorsion; 

un premier moyen (117) pour combiner la sortie 
du premier chemin de circuit avec le ou les plu- 2S 
sieurs signaux trans! 6r6s ^ partir de la sortie du 
deuxidme chemin de circuit pour former un si- 
gnal correspondant h la connposante de distor- 
sion du signal de sortie du premier chemin de 
circuit; ^ 
un deuxieme moyen (115) pour combiner le si- 
gnal de composante de distorsion provenant du 
premier moyen de combinaison avec le signal 
de sortie du premier chemin de circuit pour for- 
mer un signal ayant une composante corres- ^ 
pcmdant au ou aux plusieurs signaux d'entr^e 
modifies par le gain predeterminee et une com- 
posante correspondant k la caractSristique de 
distorsion du premier amplificateur en relation 
de phase invers^e avec elle; et ^0 
un moyen pour commander le signal formd 
dans le premier moyen de combinaison; . 
CARACTERISE EN CE QUE 
le moyen de commande comprend 
un moyen (140,150.160) pour detecter un si- ^ 
gnalde porteuse dans la gammede frequences 
pred6terminee; 

un moyen (142,150,160) connecte k la sortie 
du premier moyen de combinaison pour con- 
trdler le signal de porteuse dStecte k la sortie so 
du premier moyen de combinaison; et 
un moyen (103) dans le deuxieme chemin de 
circuit sensible a ia sortie dudit moyen de con- 
trole pour regler Samplitude et la phase du si- 
gnal applique au deuxieme chemin de circuit ss 
pour minimiser le signal de porteuse control^. 

Circuit selon la revendication 1. dans lequel ledit 



moyen de detection (140,150,160) comprend un 
moyen (150,1 52, 1 55) connects d la sortie dudK am- 
plificateur de puissance pour balayer la gamme de 
frequences prdd6termin6e k la recherche d'un si- 
gnal k la sortie dudit amplificateur de puissance 
ayant une amplitude au-dessus d'un premier seuil 
pr^SterminS. 

3^ Circuit sebn la revendication 2, dans lequel ledit 
moyen de contrdle (142,150,160) comprend 

un nrwyen (1 55,1 60) pour generer un signal re- 
presentatif de Tamplitude du signal de porteuse 
dStectd; . 

un moyen (150.317) connects entre le moyen 
de generation et le moyen de rSglage et sensi- 
ble au signal reprdsentatif de I'amplitude du si- 
gnal de porteuse ddtecte pour produire des pre-, 
mier et deuxieme signaux de r^glage; 
un moyen (162) pour appliquer le premier si- 
gnal de reglage pour modifier Pampl^Ude du si- 
gnal applique au deuxieme chemin de circuit, et 
un nrK>yen (1 64) pour appliquer le deuxieme si- 
gnal de reglage pour modifier la phase du si- 
gnal applique au deuxieme chernin de circuit 

"t . . ■ • 

4. Circuit selon la reveruiication 3, dans lequel le 
moyen (150.317) pour produire lesdits premier et 
deuxieme signaux de reglage comprend un moyen 
(150,450.452.454) sensible k Tamplitude du signal 
de porteuse detecte pour produire sequentielle- 
ment un ou plusieurs premiers signaux de reglage 
jusqu'd ce qu'un nombre fixe de premiers signaux 
de reglage soit atteint ou que Samplitude du signal 
de porteuse detecte contrdie chute en dessous du 
premier seuil. et pour produire sequentiellement un 
ou plusieurs deuxiemes signaux de reglage jusqu'e 
ce qu'un nombre fixe de deuxiemes signaux de re- 
glage soit atteint ou que Tamplitude du signal de 
porteuse detecte contrdie chute en dessous du pre- 
mier seuil. 

5. Circuit selon la revendication 4. dans lequel le 
moyen de balayage (150.152,155) comprend 

un moyen (152.155) sensible k ta sortie de 
I'amplificateur de puissance pour changer la 
frequence des signaux provenant de la sortie 
de Tamplificateur de puissance k une frequen- 
ce predeterminee; et 

un recepteur a bande etroite (160) pour rece- 
voir les signaux balayes a ia frequence prede- 
terminee. 

6. Circuit selon la revendication 1 , dans lequel I'ampli- 
ficateur de puissance (1 35-N) comprend une plura- 
lite d'amplificateurs (135-1 a 135-N) connecles en 
paraltele. chaque amplificateur (p. ex. 135-1) ayant 
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la caractdristique de distorsion prescrite. et le pre- 
mier amplificateur (105) a substantiellement la md- 
ma caract6ristique de distorsion que chacun de la 
plurallte des ampllficateurs connectds en parali6!e. 

7. Circuit selon la revendication 1. comprenant un 
moyen (140,142.150.160) pour commander le si- 
gnal iorm^ dans ledit deuxi^me moyen de combi- 
naison. comprenant 

un moyen (140.150,152.155,160).connect6 d 
la sortie de ramplificateur de puissance pour 
d^tecter un signal de produit d'intermoduiation 
dans la gamma de frequences predSterminde 
et pour contrdier le signal de produit d'intermo- 
duiation detecte d la sortie de I'amplificateur de 
puissance; et 

un moyen (1 23, 1 27) connects entre les premier 
et deuxi^me moyens de comtMnaison pour rd- 
gler Tamplitude et la phase du signal de sortie 
du premier moyen de combinaison ppur mini- 
miser le signal de produit cTintermodulation 
contrdld. 

8. Circuit conform^ment d la revendication 7. dans le- 
quel le moyen (123,127) pour r6gler Tamplitude et 
ia phase du signal de sortie du premier moyen de 
combinaison comprend un moyen (1 27) pour tnver- 
ser la phase du signal de sortie du premier mc^en 
de combinaison. 

9. Circuit selon la revendication 8, dans lequel ledit 
moyen (1 40, 1 50, 1 52, 1 55. 1 60) pour d6tecler un si- 
gnal de produit d'interrTKXiulation comprend un 
moyen (1 40, 1 50. 1 52. 1 55) connecte k la sortie dudrt 
amplificateur de puissance pour balayer la ganrvne 
de frequences prdddterminee k la recherche d'un 
signal k la sortie dudit amplificateur de puissance 
ayant une amplitude entre un premier seuil pred6- 
temrune et un deuxieme seuil predetermine en des- 
sous du premier seuil. 

ID. Circuit selon la revendication 9, dans lequel ledit 
moyen (140,150.152,155.160) pour conlr6ler ledit 
signal de produit d'intermoduiation comprend 

un moyen (160) pour generer un signal repre- 
sentatif de Tamplitude du signal d'intermodula* 
tion detecte; 

un moyen ( 1 50, 348) connecte au moyen de ge- 
neration pour produire des premier el deuxie- 
me signaux de reglage; 
un moyen (156) pour appliquer le premier si- 
gnal de reglage au moyen de reglage de fam- 
plitude et de la phase du signal de sortie du pre- 
mier moyen de combinaison pour modifier I'am- 
plitude du signal de sortie du premier moyen de 
combinaison; et 



un nrK)yen (1 68) pour appliquer le deuxidme si- 
gnal de reglage au moyen de reglage de Vam- 
plitude et de la phase du signal de sortie du pre- 
mier moyen de combinaison pour modifier la 
s phase du signal de sortie du premier moyen de 

oonr^inaison. 

11. Circuit selon la Revendication 10. dans lequel le 
moyen (150,348) pour produire lesdits premier et 

10 deuxieme signaux de reglage comprend un moyen 
(150.345,348.352.355) sensible k Tamplitude du si- 
gnal de produit d'intenrodulation contrdte pour pro- 
duire sequentiellement un ou ptusieurs premiers si- 
gnaux de reglage jusqu*^ ce qu'un nombre fixe de 

IS premiers signaux de reglage soit atteint ou que 
f amplitude du signal de produit cTintermodulation 
controie chute en dessous du deuxieme seuil. et 
pour produire sequentiellement un ou plusieurs 
deuxiemes signaux de reglage jusqu*^ ce qu*un 

20 nombre fixe de deuxiemes signaux de reglage soit 
atteint ou que I'amplitude du signal de produit cf in- 
temrKxiulation controie chute, en dessous du 
deuxiefne seuil. 

2S 12. Circuit selon la revendication 11, dans lequel le 
nfK>yen de balayage (150,152,155) comprend 

un moyen (1 40,1 52, 1 55) sensible k la sortie de 
Tampliftcateur de puissance pour changer la 
30 frequence des signaux provenant de la sortie 

de I'amplificateur de puissance k une frequen- 
ce predeterminee; et 
. un recepteur k bande etroite (160) pour rece- 
voir la frequence predetenminee. 

35 

13. Circuit sebn la revendication 7, dans lequel Tampli- 
. ficateur de puissance comprend une pluralite d'am- 
plificateurs (135-1 k 135-N) connectes en parallele. 
chaque amplificateur (p. ex. 1 35-1 ) ayant la carac- 
40 teristique de distorsion prescrite. et le premier am- 
plificateur (105) a substantiellement la mdme ca- 
racteristique de distorsion que chacun de la plura- 
lite des ampllficateurs connectes en paralieie. 

4S 14. Circuit selon la revendication 1, dans lequel le 
moyen de detection (140,150.160) comprend 

un moyen (640,650,660) pour detecter une fre- 
quence dans la gamme de frequences pred6- 

so terminee k laquelle lesdits un ou plusieurs si- 

gnaux d'entree sont absents; 
un moyen (640,650.652,670) pour generer un 
signal pilote a ladite frequence detectee el pour 
appliquer ledit signal pilote au moyen de recep- 

ss tion; et 

un moyen (642,650.655.660) connecte k la sor- 
tie du premier moyen de combinaison pour con- 
trdier le signal pilote a la sortie du premier 
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moyen de combtnaison. 

15. Circuit selon la revendication 14. dans lequel ledit 
moyen (640,650,660) pour detecter la frequence 
dans ta gamme de frequences pr6determin6e k la- s 
quelle lesdits un ou plusieurs sigriaux d'entr^e sont 
absents comprend un nnoyen (640,650,652.555) 
connects k la sortie dudit amplificateur de puissan- 
ce pour balayer la gamme de frequences pred6ter- 
rhinde k ta recherche d'un signal ^ la sortie dudit io 
amplificateur de puissance ayant une amplitude in- 
ferteure k un premier seuli predStermune. - 

16. Circuit selon la revendication 15, dans lequel ledit 
moyen (640.650,655.660) pour contrdler le signal is 
pilote connprend. 

un moyen (650.660) pour gen^rer un signal re- 
prdsentatif de Tamplltude du signal pilote; 
un moyen (650,717) connects entre le moyen 20 
de generation d'un signal representatif de I'am- 
plitude du signal pilote et le moyen de reglage 
(603) et sensible au signal representatif de 
I'amplitude du signal pilote pour produire des 
premier et deuxi^me signaux de r^glage; 2$ 
un moyen (662) pour appliquer le premier si- 
gnal de regtage pour modifier Tamplitude du si- 
gnal applique au deuxieme chemin de circuit; et 
un moyen (664) pour appliquer le deuxieme si- 
gnal de reglage pour modifier la phase du si- 30 
gnal applique au deuxieme chemin de circuit. 
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